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	 		 K1  K2 		  RN   	"
	 K1  K2  K˚j = Kj  j = 1, 2, 	  K1 	    "		
      K2 	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		 	 ⎧⎨⎩A1(D)f = 0f∣∣K1 ≡ 0, 
 A1(D)  	  	  ﬀ		 	 	 	 	   	ﬃ	 
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     	   
	  	   M = coker (tA0(ζ) : Pa1 → Pa0) :
0 −→ Pad
tAd−1(ζ)−−−−−−→ Pad−1 −→ . . . −→ Pa2
tA1(ζ)−−−−→ Pa1
tA0(ζ)−−−−→ Pa0 −→ M −→ 0.
	 	 P = C[ζ1, . . . , ζN ].
	 	 	  	 A1(D)    

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 
()*	+ 	  ℘ ∈ Ass(M) :
(Ph− L)psh
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
∀α ∈ N, ∃β ∈ N, C > 0   	

	 u ∈ psh(V ) 





u(ζ)  HK1β (Imζ) + βω(ζ) + C ∀ζ ∈ V,













	     Kj  Kjα ⊂ K˚jα+1 	 Kj = ∪Kjα 	 j = 1, 2, V = V (℘) :={
ζ ∈ CN : p(−ζ) = 0 ∀p ∈ ℘} 	 psh(V ) - .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	  (Eγ | γ ∈ Γ) , 	 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 	 	
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		 
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		   	    		 	  Eγ .  	   	  
			    	 		
  ! "	   
 ﬁ  	  	
		 	 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 ﬁ 			 #  A 	  	  E      	  x ∈ A 
y ∈ A, λx+ μy ∈ A, 
 λ  0, μ  0  λ+ μ = 1.
 ﬁ 		
	 #  A 	  	  E   	 
  	  x ∈ A,
λx ∈ A 
 |λ|  1.
 ﬁ 			 #  A 	  	  E   		      	
	  $   % 	   	  x, y ∈ A, λx+μy ∈ A 

|λ|+ |μ|  1.




 λi  0, Σ
i
λi = 1  xi ∈ A   	  	 A     		 	 A
 	  ch(A).  '  	 	  	  	 E 	 A  	






λi|  1  xi ∈ A,      	 	
 	 A.
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x+y      	  	 
   	   x, y  λx      	 
	 
   	   λ, x.
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  	 U ∈ U , V ∈ U , 
    W ∈ U  
 W ⊆ U ∩ V ;
  	 U ∈ U  α = 0, αU ∈ U ;
 
 U ∈ U    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  
  E, 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 ξ   ﬁ 

η  η    
 ξ   	   
      η       ξ.
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 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   uγ 	 Eγ   E%  
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  Eγ   	




uγ(Eγ)  E :
 			   γ ∈ Γ,  
 Eγ   	   uγ    
 Eγ 
  




uγ(Eγ)  E.  
   ﬁ
 	
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  E  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 uγ  
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
 U  E  

   γ, u−1γ (U) 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  Eγ 
 '	 U     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γ (U)     

   Eγ   U ∈ U  -  	 U ∈ U %
u−1γ (U)      Eγ   U   
   	 uγ(Eγ);   ∪
γ∈Γ
uγ(Eγ)
 E, U      E. . U  ﬁ 
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 Vγ ∈ Vγ
      E.
 1 2   3% 
  	 V   

   E. %  	 U   
   

   E, u−1γ (U)     

 Vγ ∈ Vγ 

 
   
 	 ∪
γ∈Γ
uγ(Vγ)     	 V     U.  
 V   
 

  	 E.
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	 vγ  F 
  Fγ ,    x ∈ F  x = 0, 
   γ 
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   	 E(Ω).
   Ck(Ω)  k− ﬀ
      Ω ⊂ RN   

 &
(f1 + f2)(x) = f1(x) + f2(x)
(αf)(x) = αf(x).
'
    K  Ω   	 	
 m  k (m < ∞ 






 f ∈ Ck(Ω).
  Ck(Ω)           
 ﬁ	  	

   
	  U = {f ∈ Ck(Ω) : pK,m(f)  ε} 
 m ∈ N  ε > 0. +
      Ek(Ω)   
	 lim
h→∞
fh = f   







 ,  Ω, 









  	 

)






  Ω =
∞∪
n=1
Kn. ﬁ  












s→∞fs = f 	 E







2h(1 + dh(f, g))
.
     dh(f, g)  d(f, g) 	  	 		
 	 		  dh(f, g) 	   
  			   	 pKh,m(f),  	   dh(f, g) 	ﬁ 
	 		 dh(f, g) ≤ dh(f, k) + dh(k, g), 	  
   		
|α− β|
(1 + |α− β|) ≤
|α− γ|
(1 + |α− γ|) +
|γ − β|
(1 + |γ − β|)
 
  α, β, γ;   		 	 
   		 	  
  	  α, β, γ :
(α− β)







 	 		  d(f, g)    		
   	
 D(Ω).
  C∞0 (Ω)   	 




	    Ω ⊂ RN  "  

  K  Ω,  DK(Ω)     

	 f ∈ C∞0 (Ω) 
  #(f ) ⊆ K.





  	 K1 ⊆ K2,  	      DK1(Ω) 	 		
 	 
	   DK1(Ω)     DK2(Ω).   	
	 		  DK(Ω)) 
 K    











	    	 	
 ﬁ    D(Ω). +  
U = {f ∈ C∞0 (Ω); p(f)  1} ,
  	
	 U ∩ DK(Ω) 	 	 
UK =
{









   	 lim
h→∞
fh = 0 







    K  Ω   Supp(fh) ⊆ K   h ∈ N,
   
ﬀ
  Ds,   {Dsfh(x)} 	  0 

 K.
 !    	 









  Ω   
 
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Ω,  x(i) ∈ Ki\Ki−1, 
 i = 1, 2, . . .  K0 = ∅, ﬁ   U =
{f ∈ C∞0 (Ω); p(f)  1}    D(Ω). !   





   	 lim
h→∞
fh = f 







    K  Ω   Supp(fh) ⊆ K (h = 1, 2, . . .),
   
ﬀ







 (A theorem of approximation). # 
 
 f ∈ C00(RN )
  
  
  C∞0 (RN ) 









 |x| < 1
0  |x|  1.


























 x− y = (x1 − y1, x2 − y2, . . . , xn − yn).  
  
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           	   (f) 	
   a > 0 ﬃ  





  fa   C∞0 (RN ).    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               ε!      
     
  " 	 ﬃ  
 a > 0,     	
    	   	  f
  
         a > 0     |f(y)−f(x)| > ε 
 |y−x| > a.
#       
  D′(Ω)  	
  
$ %& 	 '  %  '      	  ﬁ   
       D(Ω).     & 	  
      	 	    
(
  	   B   		 
  D(Ω).   






Supp(ψ) ⊆ K,   ψ ∈ B, )*+*,
sup
x∈K, ψ∈B
|Djψ(x)| < ∞,   	ﬀ  Dj . )*+-,
 .           	 	  {ψi} ⊆ B     	  
{pi}    
* {pi}   
     Ω,









    
/
   DK(Ω). 0 	  ε > 0,    
{ψ ∈ DK(Ω); p(ψ)  ε}
1
    	
		 	    DK(Ω).   D(Ω)     
     	 DK(Ω)′  
 {ψ ∈ D(Ω); p(ψ)  ε}   	   	
		 	    D(Ω). 
 p   	 
	

   	   	 
	
 	 D(Ω)  p 
  	
 	  	
  B 	
D(Ω) 	 p(ψi)  i (i = 1, 2, . . .).   	   
  
   
      ﬁ  
	 "   	  ﬁ 
      ﬀ  		 Dj0   $
 	 




|Dj0ψi(x)| > i (i = 1, 2, . . .). 
    
p(ψ) = sup
x∈K
|Dj0ψi(x)|, 	 ψ ∈ DK(Ω),
p(ψ)    	 
	
  %	 	 DK(Ω)  p(ψi) > i (i = 1, 2, . . .).  {ψi} ⊆ B
	  	





		 &   
 	 T ﬁ  	 
	
 	 D(Ω)    
 	 
 	  	   Ω;  
 T (ψ)     
 	 
 ' 
 	 T     
 	 ψ ∈ D(Ω).
 &   
 	 T ﬁ 	 D(Ω)     ' 
 	   Ω  ﬀ  (
	
 	 ) 	
  	 D(Ω),     ﬀ T   	
 	 )  B ∈ D(Ω)
 )   	 	  	   " ) 	 
 	
		   
 T 	ﬁ	  D(Ω)    	 
 
Ω 
    K 
 Ω, 
 	  
      C 	 
   k  
|T (ψ)|  C sup
|j|k, x∈K
|Djψ(x)| ∀ψ ∈ DK(Ω). *

 +)  	 
 ) 	 T 	   




 	 ) DK(Ω).    ) 	 	  	 *   
 
ﬃ ) 	 	  	 *   	          T   	
 	
) 	
  	 D(Ω)
  	 		  	   	  	    	    )  	 
  

 ﬁ  	 	  ' 
 	
 ﬁ 	
		   	   ' 
 	   Ω    	 ) D′(Ω). -(
    )
(T + S)(ψ) = T (ψ) + S(ψ)
(αT )(ψ) = αT (ψ)
   D′(Ω)   
   	 
   Ω 	  
  	 D(Ω).
.
   	






 T ∈ D′(Ω) 
 
  	
  U 	 Ω  T (ψ) = 0
	  ψ ∈ D(Ω)  	 	

 
 U.  	 	 T, 
	  (T ),
 ﬁ
    	  F 	 Ω   T 
 
 Ω\F.
	   	 ﬁ
	
   	 	  
 	   	
 
	 Ω 
  T 
   	
   		
 	
 	
		    	
 T ∈ D′(Ω)    Ui    {Ui; i ∈ I}
    Ω,  T   U = ∪
i∈I
Ui.
  ψ ∈ D(Ω)   
	




{αj(x); j ∈ J} 	
 	  	
 	 Ω 	

 	 {Ui; i ∈ I} 
 Ω\(ψ).

 ψ = Σ
j∈J
αjψ   ﬁ
  
 	 T (ψ) = Σ
j∈J









 αjψ = 0 
 	 T (αjψ) = 0. 	   T (ψ) = 0.
    B 	   E(Ω)  	













 K; $  	  ﬁ
	
 	  %
	 ﬁ







 E(Ω)  	





 	 E(Ω).  $  	  		
 	
 	
		    T   




 ﬀ T  	
   	
 
  &'(# ) *+# 	 ,
 	
		  	
 T ∈ D′(Ω)   
  	  
       

  
 T0  E(Ω) 
  T0(f) = 0
 f ∈ E(Ω)    	
  Supp(T ).
    (T ) = K  K   	  	 Ω. -	 
 	
 x0 ∈ K

 ε > 0,  .   S(x0, ε) 	 
 x0 
  ε. -	 
 ε > 0 ﬃ

#  	  K  	   ﬁ
 
 	  S(x0, ε)  x0 ∈ K. 
{αj(x); j ∈ J}   	
 	  
 	
 	  ﬁ




 ψ(x) = Σ
Supp(αj)∩K′ 	=∅
αj(x),  K






	 	  ﬁ
  	  	# ﬁ
ψ(x) ∈ C∞0 (Ω)




  ﬁ T0(f)  f ∈ C∞(Ω) 	
 T0(f) := T (ψf).  ﬁ   
   ψ;   ψ1 ∈ C∞0 (Ω)     	  K,   

f ∈ C∞(Ω),   (ψ − ψ1)f ∈ D(Ω)    	  K  
T (ψf) − T (ψ1f) = T ((ψ − ψ1)f) = 0. 
 	   ﬀ 
ψf,  
    {ψf}    	   D(Ω)   f   
	   E(Ω)! " 	
  !#!$ T0      
E(Ω)!  f ∈ E(Ω)    	 U(K)  K.  	
  ψ ∈ C∞0 (Ω)




   K ′   	
 	 ψ   	 ﬁ	 	 T0  	

	 	 C  k
|T0(f)|  C sup
|j|k, x∈K′
∣∣Djf(x)∣∣ ∀f ∈ C∞(Ω).

		 % T       D(Ω)  &  
  
K ′  Ω,  C ′  k′  
|T (ϕ)|  C ′ sup
|j|k′, x∈K′
∣∣Djϕ(x)∣∣ ∀ϕ ∈ DK′(Ω),
	
 ' !(!$! )  
 g ∈ C∞(Ω)     ϕ = ψg ∈ DK′(Ω). *+

    	
 	   ﬀ 
sup
|j|k′, x∈K′
∣∣Dj(ψg)(x)∣∣  C ′′ sup
|j|k′, x∈K′
∣∣Djg(x)∣∣





   S0   
 	 	 C∞(Ω)   	
 	 	
C,  	 
 k   	  K 	 Ω,
|S0(f)|  C sup
|j|k, x∈K
∣∣Djf(x)∣∣ ∀f ∈ C∞(Ω).
  

	 	 S0 	 C∞0 (Ω)   
	 T  	
 	  K.

		   	  S0(f) = 0  f  
   	  K. 
 ψ ∈ C∞0 (Ω)     	  K, 
S0(f) = S0(ψf) ∀f ∈ C∞(Ω).
, 
     {f}    	   D(Ω),     	
 {ψf}              {
g ∈ C∞(Ω); sup
|j|k, x∈K
∣∣Djg(x)∣∣ = Ck < ∞} .
 S0(ψf) = T (f)  	  	   D(Ω)   T    
  D(Ω).
-
    	
  
  	
     		 
  Ω     
	 
  E ′(Ω)  		  	 	  E(Ω)  
	   E(Ω)
 	 	 T  C∞(Ω) 	  E ′(Ω) ﬀ    C 
 k 
 
  K  Ω,
|T (f)|  C sup
|j|k, x∈K








e−i<ζ,x>f(x)dx ∀ζ ∈ CN .
  	    T ∈ E ′(Ω)  	ﬁ	 
Tˆ (ζ) := T (e−i<·,ζ>) ∀ζ ∈ CN .
 	   
HK(y) = sup
x∈K
< x, y >
      K ⊂ RN .
 	
		  K       RN    HK .
 u ∈ E ′(Ω)   
  
 n   
  K, 
|uˆ(ζ)|  C(1 + |ζ|)neHK(Imζ), ζ ∈ CN . 
	    	    CN        !"#"$
  	    
   
  K.
 u ∈ D(K),   n ∈ N     Cn > 0  
|uˆ(ζ)|  Cn(1 + |ζ|)−neHK(Imζ) ζ ∈ CN . 
	    	    CN   !"#%$  		 n ∈ N  
	      D(K).






  X, lim
n→∞ ‖xn − x‖ = 0    
 










  X   F− 

 B−     	   
   {xn} 	 X 	


	 	  	 x∞ 	 X 
lim
n→∞ ‖xn − x∞‖ = 0.
!   x∞,   "   
  	  
 
	
 #  F−  B− 
 
	 	     
  
    	  	  $	








		  Ω       RN .  E(Ω)    F− 


 # 		 lim
n,m→∞ ‖fn − fm‖ = 0  E(Ω)   	
  	 




 Dα,   {Dαfn(x)} 	 	
	
  n → ∞, 	
 	 K. * 










n→∞ ‖fn − f‖ = 0  E(Ω).
  	 	 S(RN).












 α = (α1, . . . , αN ), β = (β1, . . . , βN ) ( 	

 αj  βk. !   
      ∞   
S(RN )     

 			 S(RN )      !        
ﬁ        #    
p(f) = sup
x∈RN
|P (x)Dαf(x)| ,  P (x)   

 			 C∞0 (RN )          S(RN )       
S(RN ).
,,









e−i<ξ,x>f(x)dx, ξ ∈ RN .
 	 ﬁ  		 	 






		 	 	 
 f → fˆ  S(RN ) 	  

 
 S(RN ). 	 		 	 
 g → g˜   S(RN ) 	 

 
 S(RN ). 		 ˜ˆg = ̂˜g = g.
     	
  
  	  
    	
 S′(RN)   




 $ RN %     
 "    S ′(RN ).
! 	 "	 





	 D(RN ) ⊂ S(RN ) ⊂ E(RN ) ⇒ E ′(RN ) ⊂ S ′(RN ) ⊂ D′(RN ).
 ﬁ 			  #   	

( ϕ(x) → ϕˆ(x)  S(RN )  S(RN )  	 	
#""   
(  S(RN ), ) #	 ﬁ  " 	 Tˆ  	  

" T 	   
 " Tˆ ﬁ "(
Tˆ (ϕ) = T (ϕˆ), ϕ ∈ S(RN ).
	  " 	 T → Tˆ  	











    	
      	 (γ)  	
 







	 " ω : [0,∞) → [0,∞)  
 	## #	  ω∣∣[0,1] ≡ 0
	  	
  [0,∞).     	
 
   	
	 ω ∈ W   
 
 $












(δ) ϕ : [0,∞) → [0,∞), ϕ(t)$%ω(et)  	&'




		 " ω : [0,∞) → [0,∞)  
 	## #	  ω∣∣[0,1] ≡ 0
	  	
  [0,∞).     	
 
  #	 ω ∈ W ′  ω 
ﬁ 
	 (α), (β), (δ) 
 
  (γ),  	
(γ)
′ ∃ a ∈ R, b > 0 : ω(t)  a+ b log(1 + t) ∀t  0.
( 

 ω(z) = ω(|z|)  z ∈ CN .
)
  W ⊂ W ′ 
   	
	 (β) 	  	
	  	 
		
 
   	 ω ∈ W ′ 
  ﬁ	       x, y ∈ CN :
ω(x+ y)  K(1 + ω(x) + ω(y)).
   	 
   

       
     
 ϕ : [0,∞) → [0,∞)  
	  !  		" #	
 ϕ(0) =
0   #  ﬁ 
  	 ϕ∗  ϕ 







 ϕ∗ 	  !  		" 
	ﬁ ϕ∗(0) = 0  (ϕ∗)∗ = ϕ (   

















  	  ϕ 
     

 		  
 L > 0   ϕ(x+1) 
L(1 + ϕ(x))   x ∈ [0,∞).    y  0














{(x′ + 1)y − ϕ(x′ + 1)} #	
 x′ = x− 1
= y + sup
x′0
{x′y − ϕ(x′ + 1)}
 y + sup
x′0
{x′y − L(1 + ϕ(x′))}
= y − L+ sup
x′0
{x′y − Lϕ(x′)}

















 	 f : [0,∞) → [0,∞) ! " 	 f(0) = 0.  	 	




























= f(λy + (1− λ) · 0)













    ω ∈ W ′    	   σ ∈ W  ω(t) =
o(σ(t)).
   		      	    	 
  	  ω ∈ W 	   	 	 	 g : [0,∞) → [0,∞)
	ﬁ g(t) = o(ω(t)) 	 t   ∞.    	   σ  
 
(i) g(t) = o(σ(t)) 	 t → ∞,
(ii) σ(t) = o(ω(t)) 	 t → ∞,









  	   R  1  	 ω∣∣[R,∞)  	      	

σ∣∣[R,∞) 	 




(1) # ω ∈ W    $	 %   	& ' (β)   $	
σ  " 	$  "	
 %   ' 	 ' (β).
(2) !  	$ σ 	   	  ω 	  
 "(' ( "	$

(
(3) )  "	
 * +, & ' 	   	((	 
 ω 	 ρ 	   	  (R,∞) ,  ρ = o(ω),   	 D > 0
  	   σ, 	  	  !"   		 # 	 σ ≡ ρ
 [0, D] .

   ω ∈ W  	   	  j ∈ N  gj : [0,∞) →
[0,∞) 	# gj(t) = o(ω(t)) 	 t   ∞.    	   σ





















     	
 
    ω ∈ W 	
 
     g ∈ S(R) 
 
 (−∞, 0]  

 
   ĝ ﬁ
|ĝ(x)|  e−2Kω(x) ∀x ∈ R,

 K  
   (α).




   ω ∈ W 	
   ε > 0 
  h ∈ C∞(R), h = 0,


Supp(h) ⊂ [−ε, ε]ˆ +∞
−∞
|hˆ(x)|eω(x)dx < ∞.





   ω ∈ W ′ 	
  
 N ∈ N 
  δN > 0 
 

  ε > 0 
  H ∈ C∞(RN ), H = 0, 

Supp(H) ⊂ [−ε, ε]Nˆ
RN
|Hˆ(T )|eδNω(t)dt < ∞.
     









   ω ∈ W ′ 	
  
 N ∈ N  ε > 0 
  H ∈
C∞(RN ), H = 0, 

Supp(H) ⊂ [−ε, ε]Nˆ
RN
|Hˆ(T )|emω(t)dt < ∞ ∀m > 0.
     





   	ﬀ	 	 	  
    	










    
  	         
 
 ω ∈ W  ω ∈ W ′.
     ω ∈ W   f ∈ D(RN ) 	
   B > 0  
ˆ
RN










   
 f ∈ D(RN )  B > 0    D > 0,   
ω, N  B,    L > 0    ω  N,   
 K = Supp(f)
 mN (K)       




L ω(z)) ∀z ∈ CN .

   !"#$%  &&
     ω ∈ W ′    
   f ∈ D(RN ) 	
   B > 0
 ˆ
RN










   
 f ∈ D(RN )  B > 0    D > 0,   
ω, N  B,    L > 0    ω  N,   
 K = Supp(f)
 mN (K)       




b−BL )ω(z)) ∀z ∈ CN , &
 b > 0    
  (γ)′ 
  ﬁ 

 #    




 (α)  
 L > 0 	 
ω(Nr)  Lω(r) + L ∀r > 0. (
  z ∈ CN  

























     	 	   j ∈ N0.
 
 	      	   j ∈ N0
|fˆ(z)|  mN (K) C
(2π)N
e(Bϕ
∗( jB )−j log |zl|+HK(Imz)). 
	
 	   	  x > 0   j ∈ N0    j  Bx < j + 1,   






















(x log |zl| − ϕ∗(x))− log |zl|
= Bϕ∗∗ (log |zl|)− log |zl|





























"   	  ﬁ 	   j ∈ N0       ! 
 	 $
|fˆ(z)|  mN (K) C
(2π)N










	 % ω ∈ W    K ⊂ RN    	  
&	 λ > 0 
 ﬁ  "    
Dλ(K) =
{













   
  















   	  	    
 ﬁ 		
	  ω ∈ W ′   K ⊂ RN    






   
 # 















 	    
	  ω ∈ W ′  K ⊂ RN 	
 %  	 
 {0} = D(ω)(K) ⊂
D{ω}(K).

      
 ﬁ   
 ﬁ    
 
 0 ∈ K˚, 
 ε 	
 [−ε, ε]N ⊂ K,   & ''(
	  ω  σ  W ′ 	 
 
 D(ω)(R) ⊂ D(σ)(R) ﬀ σ = O(ω) * +$,"

 '-'.!
	    
 	  ω  σ  /  ω = O(σ)  σ = O(ω).
0 






 ψ∗(y)  ϕ∗(y) ∀y > 0.
 
 
 " 1    




  ω   /   	
 
 '    
 &%  
 '   D(K)  

	 &%  
  ω− ﬀ 2
'3
  	 (Paley −Wiener theorem for ω−ultradiﬀerentiable functions of Roumieu type).
  ω ∈ W  K ⊂ RN  	
    f ∈ L1(RN ).
   	
 f ∈ D{ω}(K),





|f (α)(x)|e(− 1kϕ∗(|α|k)) < ∞,
  
 ε, C > 0  
|fˆ(z)|  Ce(HK(Imz)−εω(z)) ∀z ∈ CN .
 (1) ⇒ (2) 
 f ∈ D{ω}(K)  	 
	 f ∈ D(K)   	 ε > 0  ˆ
RN






|f (α)(x)|e−εϕ∗( |α|ε )  C
(2π)N

   	 	
ϕ∗(x)
x
	 		   !
(2) ⇒ (3) :
 (2) "   	 #	 " " ε, C > 0      
	 D > 0, L > 0  




Lω(z)) ∀z ∈ CN .
$"  	 ε˜, C˜%&  
|fˆ(z)|  C˜e(HK(Imz)−ε˜ω(z)). '
(3) ⇒ (1) :






( 	 0 < ε˜ < ε  	 "# 	 ﬁ	 	
∀A > 0, ∃ tA > 0   log(1 + t) < Aω(t)
N + 1
∀t  tA, &



















   	 
 
	  f ∈ D(K).  ε > 0 
    	 









    tn > 0  
−εω(t)  −n log(1 + t) ∀t  tn.

    
 Cn > 0  
−εω(t)  −n log(1 + t) + Cn ∀t > 0. 
 !    	  
 	 n ∈ N   C ′n > 0  
|fˆ(z)|  CeHK(Imz)e−n log(1+|z|)+Cn
= C ′ne
HK(Imz)(1 + |z|)−n ∀z ∈ CN .
"   #$  




  	 (Paley −Wiener theorem for ω−ultradiﬀerentiable functions of Beurling type).
  ω ∈ W ′, K ⊂ RN  	 
   f ∈ L1(RN ).
   
 f ∈ D(ω)(K),





|f (α)(x)|e(−kϕ∗( |α|k )) < ∞,
   k ∈ N   Ck > 0  
|fˆ(z)|  Cke(HK(Imz)−kω(z)) ∀z ∈ CN .
 (1) ⇒ (2) :
' f ∈ D(ω)(K) (  ﬁ
( f ∈ D(K)  
 	 ε > 0
ˆ
RN
|fˆ(t)|eεω(t)dt =: Cε < ∞.
 
(  %% ( 





|f (α)(x)|e(−εϕ∗( |α|ε )) < ∞, 
  ( 
ϕ∗(x)
x
 !  *%+ &
(2) ⇒ (3),
' f ∈ D(K) ﬁ    *%+ &  
 ﬁ  
 	 ε > 0(
 (  %% (   Dε > 0  
|fˆ(z)|  Dεe(HK(Imz)+( 1b− εL )ω(z)). 
















(3) ⇒ (1) :
















  k >
N + 1
b
+ λ     ﬁ  




|fˆ(t)|eλω(t)dt  C ′′λ .
  "  f ∈ D(K)     (γ)′ "    k ∈ N  
Ck > 0 
  ∣∣∣fˆ(z)∣∣∣  CkeHK(Imz)−kω(z)
 CkeHK(Imz)−k(a+b log(1+|z|))
= Cke
−akeHK(Imz) (1 + |z|)−bk ∀z ∈ CN .
    n ∈ N   Cn > 0 
 ∣∣∣fˆ(z)∣∣∣  CneHK(Imz) (1 + |z|)−n ∀z ∈ CN .
  

 #$%   & 	 ﬁ   f ∈ D(K)  

   "
   '
 P = (pn)n∈N  
 



















  O(CN )    	 
  	  CN .
 ω  
   	 
 K ⊂ RN 
  
    
P :=
{
pn : z → HK(Imz)− 1
n




M := {mn : z → HK(Imz)− nω(z), n ∈ N} .
  
   ! "	 




   ω ∈ W 
D{ω}(K) ∼= AP(CN ).
  ω ∈ W ′ 
D(ω)(K) ∼= A0M(CN ).
 	







  ω ∈ W   Ω ⊂ RN   
 
 	  K˚1 ⊂ K˚2 ⊂




 Ω,  	
P =
{
pn : z → HKn(Imz)−
1
n








  K ⊂ RN  
  Ω ⊂ RN 
  ω ∈ W  D{ω}(K) 	   	!   	
  
  
" 	   ! #	 
! ﬂ  




  ω ∈ W  & 
! f ∈ D(RN ), g ∈ D{ω}(RN ).  &
'
(1 ){ω} f ∗ g ∈ D{ω}(RN ),
(2 ){ω} Supp(f ∗ g) ⊂ Supp(f) + +(g),
(3 ){ω} f̂ ∗ g(z) = fˆ(z)gˆ(z).
 ω ∈ W ′  & 
! f ∈ D(RN ), g ∈ D(ω)(RN ).  & '
(1 )(ω) f ∗ g ∈ D(ω)(RN ),
(2 )(ω) Supp(f ∗ g) ⊂ Supp(f) + Supp(g),
(3 )(ω) f̂ ∗ g(z) = fˆ(z)gˆ(z).
(

 + #$%&' 
 (,
(
     K1, K2 ⊂ RN  	 

  K1 ⊂ K˚2,
	   ω, σ ∈ W  σ  ω.   	 f ∈ D{σ}(K1)  
 	 
 (fn)n∈N
 D{ω}(K2)  lim
n→∞fn = f  D{σ}(K2).
   ω, σ ∈ W ′  σ  ω.   	 f ∈ D(σ)(K1)  
 	 
 (fn)n∈N
 D(ω)(K2)  lim
n→∞fn = f  D(σ)(K2).
   ω ∈ W.   	 f ∈ D(K1)  
 	 
 (fn)n∈N  D{ω}(K2) 
lim




    ω, σ ∈ W  σ = o(ω).   






  	  











	 	  
	  







 ω ∈ W     Ω ⊂ RN ,  
E{ω}(Ω) :={f ∈ E(Ω)| 
   K ⊂ Ω 





|f (α)(x)|e(− 1mϕ∗(m|α|)) < ∞}.

 ω ∈ W ′     Ω ⊂ RN  ﬁ
E(ω)(Ω) :={f ∈ E(Ω)| 





|f (α)(x)|e(−mϕ∗( |α|m )) < ∞}.
   E{ω}(Ω)      ﬁ
          
  m ∈ N 

  K ⊂ Ω      
     




          
 pK,m 
 K    
  Ω  m ∈ N.




   	  	






	   
  E∗ 
 D∗      
  E{ω} 
 D{ω})
 E(ω) 





 		 ω ∈ W ⊂ W ′    
 		
ω(t) = tα 0 < α < 1 
ω(t) = (log(1 + t))β β > 1
ω(t) = t(log(e+ t))−β β > 1.




  E∗(Ω)     	
 
        
   !"# $% &	 ''
  
 Ω ⊂ RN 
 
 
 K1 ⊂ K˚2 ⊂ K2 ⊂ . . . ⊂ Ω 
  
  
Ω   
 
 χj ∈ D∗(Kj)   0  χj  1  χ
j












   
   
 




       
  E∗(Ω).
   !"# $% ( ')
	
    












 ω, σ ∈ W   σ = o(ω), 
 














 fj ∈ D∗(Ωj)




fj = 1  (Supp(fj))j∈N    ﬁ 

   !*$% &	 +
$




 Ω1, Ω2 ⊂ RN 
  	
 




f ∈ E∗(Ω2). 
 f ◦ g ∈ E∗(Ω1). &   E∗(Ω)    
%   
 Ω.






   	 





		  ω ∈ W  Ω ⊂ RN  	 




 	  	 T ∈ D′{ω}(Ω)  	  (T )    	  	
  	 ! 			 U   ϕ ∈ D{ω}(U) 
 < T,ϕ > = 0.
 ﬁ 	
		  ω ∈ W ′  Ω ⊂ RN  	 
   	 D′(ω)(Ω)   ω− 	 
 
   
 	  	 T ∈ D′(ω)(Ω)  	  (T )    	  	
  	 ! 			 U   ϕ ∈ D(ω)(U) 
< T,ϕ > = 0.
  "			 #  ﬁ	 	 	 	  	 T 	%
 	  	 	   D{ω}(Ω) 	 ω ∈ W  D(ω)(Ω) 	 ω ∈ W ′)  	
  	 T.   #  T   	 T ∈ D′(Ω)#   	 ﬁ
	!    	
 	
		   	 









   &'(# "			 )*
 ﬁ 	
	
	  Ω ⊂ RN  	 	 f ∈ E∗(Ω)  T ∈ D′∗(Ω) 
 ﬁ
fT ∈ D′∗(Ω) 
〈fT, ϕ〉 = 〈T, fϕ〉 ∀ϕ ∈ D∗(Ω).




  #   ,# 	 ﬁ  	!		 	  	 μ ∈ E ′∗(RN ),

  	 f ∈ E∗(RN ) :
 ﬁ 			 	  	 μ ∈ E ′∗(RN ),  f ∈ E∗(RN ) 
 ﬁ 
	!		
Tμ(f) : = μ ∗ f : RN → C,

μ ∗ f(x) = 〈μy, f(x− y)〉 .
 -	 
Tμ : E∗(RN ) → E∗(RN )








		   z ∈ CN  
fz(x) = e
−i〈x,z〉, x ∈ RN .
  	




































= eHK(Imz) exp {λϕ∗∗(log |z|)}
= eHK(Imz) exp {λϕ(log |z|)}
= eHK(Imz)+λω(z). 

 fz ∈ E∗(Ω)   ω  Ω.

  	  μˆ  μ ∈ E ′∗(Ω)  ﬁ 
μˆ : z → 〈μ, fz〉 .
  
  ϕ ∈ D∗(Ω) :






















		 (Paley −Wiener theorem for ω − ultradistribution)   ω ∈ W ′ 
K ⊂ RN 	
  	   μ ∈ E ′(ω)(RN )  Supp(μ) ⊂ K  μˆ   
  C, λ > 0  
|μˆ(z)|  CeHK(Imz)+λω(z) ∀z ∈ CN . 
 	   	 K  	  	  	 Supp(μ). 		




μˆ(−t)ϕˆ(t)dt ∀ϕ ∈ D(ω)(RN ). !
"
 	
  g      CN  ﬁ 
 
|g(z)|  CeHK(Imz)+λω(z) ∀z ∈ CN ,
  C, λ > 0,    μ ∈ E ′(ω)(RN )   μˆ = g  Supp(μ) ⊂ K.
    ﬁ 	
   f ∈ E(ω)(RN )  f∣∣K ≡ 0  〈μ, f〉 = 0.
	     	 	 	   0 ∈ K˚  ﬁ
ft(x) := f(tx), 0 < t < 1.




〈μ, ft〉 = 〈μ, f〉 . 
 
  μ ∈ E ′(ω)(RN ), 	 μ     		 	 	 E(ω)(RN ), 
	 	
    ﬃ 	 	
  ft → f  E(ω)(RN ). 	  K˜ ⊂ RN







∗( |α|m ) → 0, "
 N0 = N ∪ {0} . #
|Dαft(x)−Dαf(x)| = |Dαf(tx)−Dαf(x)|
= |tα(Dαf)(tx)−Dαf(x)|
 |tα(Dαf)(tx)− tαDαf(x)|+ |tαDαf(x)−Dαf(x)|
= tα |(Dαf)(tx)−Dαf(x)|+ (1− tα) |Dαf(x)| ,























|Dαf(x)|e−mϕ∗( |α|m ) = CK˜ < ∞
$ f ∈ E(ω)(RN ).
	  	  ﬁ  	    %    	 
 	 
0 ∈ K˜,     K˜. 	 	 $ (K˜)  	
&  	 K˜, $
   	  
   & ξ ∈ ch(K˜) 	   	 &
'
























































∣∣Dα˜f(ξ)∣∣ e−mϕ∗( |α|m ) < ∞  ﬁ
 
	 f ∈ E(ω)(RN ).  	

    
   
ft → f  E(ω)(RN )
      
 〈μ, ft〉 = 0 	
   t ∈ (0, 1),  〈μ, f〉 = 0.     
 	
   f ∈ E(ω)(RN )
 f∣∣K = 0,       C, λ > 0   
|〈μ, f〉|  CpK,λ(f) ∀f ∈ E(ω)(RN ). !
"









λ )  eHK(Imz)+λω(z)
 #




 μˆ     fz  
&
   	
	     ϕ ∈ D(ω)(RN ), 


















  g   CN  	
	  ﬁ μ 




g(−t)fˆ(t)dt, f ∈ D(ω)(RN ).
  μ ∈ D′(ω)(RN )  Suppμ ⊂ K,  μ ∈ E ′(ω)(RN )   		  μˆ = g
 	




   Ω ⊂ RN   	 ω ∈ W
   μ ∈ D′{ω}(Ω)   
  σ ∈ W  σ = o(ω)   μ ∈ D′(σ)(Ω) ⊂ D′{ω}(Ω).  
 	  E ′{ω}(Ω).











   	 
 	   	 	 	  	  
 ﬀ 		 
 	 	ﬃ    	 ω−ﬀ
	 ﬁ   	 
	   	 	 	 	 	     	  
   	    !"Ł$%  !&'%  &'%( 
 	  
  )     	  &'%  *&+%  *&,%
-   	      . 
	/ 
 ﬁ   -	




0 P  . C[ζ1, . . . , ζN ] 	 		 
 	1 	ﬃ   N 
 ζ1, . . . , ζN .    &	  	 .
 ﬁ 	
	
	    	 P  ﬁ    	    ℘ 	 P 
 	  -(P).
 ﬁ 	
		 0 M     P−	    	  !(m) 
	 	   m 	 M, 
Ann(m) = {p ∈ P : pm = 0} .
)  	







		     		 
    	  M,   (M), 
ﬁ 
(M) := {℘ ∈ 
(M) : M   P	 
  P/℘} .

       M   P−	  ﬁ 
   
(M)   ﬁ   
 	
  		    		 	
 ﬁ 	
		    P−
 Aj   	 P−	 Fj
. . . −→ Fj+2 Aj+1−→ Fj+1 Aj−→ Fj −→ . . .
        
      	   		
!   Aj ◦Aj+1 = 0   j.
 ﬁ 	
		    P−
 Aj   	 P−	 Fj
. . . −→ Fj+2 Aj+1−→ Fj+1 Aj−→ Fj −→ . . .
  	       
 	   	   		
! 
ImAj+1 = KerAj ∀j.
 ﬁ 	
		      	    !     
  		 
 	 "  
    	
 ﬁ 	
		   	     	 P−	 M   # 
. . . −→ F2 A1−→ F1 A0−→ F0 −→ M −→ 0 $%&&'
   P−	
  		     (	)
 	
		 (Hilbert′s Sygyzy Theorem). 	 M   	 	 P−  ﬁ 	
	    ﬁ   	   M,     ﬁ 	 	  	 
0 −→ Pad
tAd−1(ζ)−−−−−−→ Pad−1 −→ . . . −→ Pa2
tA1(ζ)−−−−→ Pa1
tA0(ζ)−−−−→ Pa0 −→ M −→ 0,
 	 d  N.

   	  		   	 	   M.
*  L    	 P−	 + 

	  HomP(·,L)   
	 $%&&'    
	#)
0 −→ HomP(F0, L)
tA0−→ HomP(F1, L)
tA1−→ HomP(F2, L) −→ . . . . $%&,'
%,
  	 ExtjP(M,L) 








 	  !"  #
. . . −→ E2 B1−→ E1 B0−→ E0 −→ M −→ 0
#	   	#  M,   
 	   

0 −→ HomP(E0, L)
tB0−→ HomP(E1, L)
tB1−→ HomP(E2, L) −→ . . .
 #	#
   
 	   	   	 ExtjP(M,L) 
   $ P−	 M  L     	# 
% #
0 −→ E −→ F −→ G −→ 0
#	  	 
 	&
  #  	 # P−	    #
 P− M $ #   
 	&
	   ' 
(
0 −→ '0P (M, E) −→ '0P (M, F ) −→ '0P (M, G) −→
−→ '1P (M, E) −→ '1P (M, F ) −→ '1P (M, G) −→ . . .
−→ 'jP (M, G) −→ 'j+1P (M, E) −→ . . .
) 




   M, F   P−	
  M  ﬁ   p  
    

   	

 ExtjP(M,F) = 0 ∀j  p;
 ExtjP(P
/
℘,F) = 0 ∀j  p, ∀℘ ∈ Ass(M);
 ExtjP(P
/
℘,F) = 0 ∀j  p, ∀℘ ∈ Supp(M);





   M, F   P−	
  M  ﬁ   
 p  
  	  
ExtjP(P
/
℘,F) = 0 ∀j > p, ∀℘ ∈ Supp(M).
  

   	

 ExtjP(M,F) = 0 ∀j  p
 ExtjP(P
/
℘,F) = 0 ∀j  p, ∀℘ ∈ Ass(M);
 ExtjP(R,F) = 0 ∀j  p, ∀R P − 		
  M.
* 	 $ ﬁ   # # ℘  P,  	 
 ﬃ 
  (
V = V (℘) =
{




ζ ∈ CN : p(−ζ) = 0, ∀p ∈ ℘} , 






         	    	        	 
      	  !
  			 (Ehrenpreis Fundamental Principle).  ℘  	 
 	  P =
C[ζ1, . . . , ζN ] 	 V (℘)  	 	 	ﬃ 	
	  	

 ϕ  	 
	
     CN   	ﬁ 
    	
k, k0 	 k1 :
|ϕ(z + ζ)− ϕ(ζ)|  k1, if |z|  k0(1 + |ζ|)−k. "#$




f ∈ O(CN ) 
  g ∈ O(CN )  f = g  V (℘) 	
sup
CN




 ϕn(ζ) = ϕ(ζ) + n log(1 + |ζ|).
%& 	   	  !
  		
 (Ehrenpreis Fundamental Principle).  A(ζ)  	 q × p 	
 
	 
 	  ϕ  	 
	
     CN   	ﬁ
 ! 






 	 "	 
 m′ 	 	 
	 C > 0   	#  g ∈ Op(CN ) 	ﬁ
|A(ζ)g(ζ)|  (1 + |ζ|)meϕ(ζ) ∀ζ ∈ CN ,

  g′ ∈ Op(CN )   	
A(ζ)g′(ζ) = A(ζ)g(ζ)
	
|g′(ζ)|  C(1 + |ζ|)m′eϕ(ζ) ∀ζ ∈ CN .
  	 
    


  F   C−  	 	      ﬁ     	 RN 
   
∀f ∈ F ⇒ ∂f
∂xj
∈ F ∀j = 1, . . . , N.
(	 p(ζ) = Σ
|α|m
aαζ










	 j = 1, . . . , N.
   F    ) 	   &  P− )     	 p(ζ)  f ∈ F
 )
p(ζ)f = fp(ζ) = p(D)f.
#
  A0(ζ)   a1 × a0 	
 	 	 	    	  
	 	ﬀ	  A0(D) :
Fa0 A0(D)−−−−→ Fa1 .
      ⎧⎨⎩u ∈ Fa0A0(D)u = f 
   	 f ∈ Fa1 ,   		 	   	!    tQ(ζ) : Pa1 → P
 
tA0(ζ)
tQ(ζ) ≡ 0, 
f  	   			 		
Q(D)f = 0. 
  Q(D)f = Q(D)A0(D)u = 0
"	 P 	  #	 	$  	    tQ(ζ) 	 	   
 ﬁ	  P− "   	   tA0(ζ) : Pa1 → Pa0 	 
&	 	!
0 −→ Pad
tAd−1(ζ)−−−−−−→ Pad−1 −→ . . . −→ Pa2
tA1(ζ)−−−−→ Pa1
tA0(ζ)−−−−→ Pa0 −→ M −→ 0,
 M = 'tA0(ζ) = Pa0
/t
A0(ζ)Pa1   	
 tA1(ζ) 	 	    	
  			 		  ( ) 	 
$ 	 ImtAj = *
tAj+1.
(    		   $ 	  f 	ﬁ   	 	
		 		
A1(D)f = 0. +
,$   		    		  $ 	   

	   	 	 	ﬀ	 )	$ 	  )  +
 ﬁ 	
		 - A1(ζ) ≡ 0     	   	 $ 
 	$  		 +    	ﬁ 

  "	   	 		 !
.










         	 u ∈ Fa0   
 	 f ∈ Fa1 ﬁ  	
 	 	 




        	 u ∈ Fa0   
 	 f ∈ Fa1 ﬁ
 	  	 	 
  	     	 	
1P(M,F) = 0P(M,F) = 0.
     	   		 	!  	     	    " # $
% 
 #	  	  	  %  M 	 	   	  #	 	   #
% tA0(ζ).
    	






  K1 	 K2   	  	    RN   K1  K2 	 K˚j = Kj  
j = 1, 2.
& 	   I(ω)(K2,Ω)  #   	 	 	 E(ω)(Ω)  	   	ﬁ	
   	 K2 :
I(ω)(K2,Ω) =
{
f ∈ E(ω)(Ω) : Dαf ≡ 0  	 K2, ∀α ∈ NN0
}
.








K2    	







'	  %   ﬁ	 W
(ω)
K1
,  #   &	 ﬀ	 	 	  	
K1.
   	   I(ω)(K1,K2)  #   &	 ﬀ	  	  	 K2
 	   	ﬁ	    	 K1 :
I(ω)(K1,K2) =
{
f ∈ W (ω)K2 : Dαf∣∣K1 ≡ 0 ∀α ∈ NN0
}
.











  u∣∣K1 ≡ 0 	 f∣∣K1 ≡ 0 
        	  K1.
     
     	  
	    
   ! 
  " #⎧⎨⎩$ f ∈
(I(ω)(K1,K2))a1   A1(D)f = 0
ﬁ	 u ∈ (I(ω)(K1,K2))a0   A0(D)u = f. &&'
  &&( )  *
+ &((    #
   ,  ,   ! 
 &&'  "   	
-0P(M, I(ω)(K1,K2)) = 0;
	 ,  , &&'  "   	
-1P(M, I(ω)(K1,K2)) = 0;
	 
    ,   , &&'  "   	
-0P(M, I(ω)(K1,K2)) = -1P(M, I(ω)(K1,K2)) = 0.
     "
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  .' ,  .'.&     W
(ω)
Ki
, , i = 1, 2,  / P−
	
  , $ 
 	#
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  P−   ﬁ	 	 K  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jP(M, I(ω)(K1,K2)) = 0 ∀j > 1. 	
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   	
	
	 ! " 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     	
        ﬀ
0P
(
P/℘,W (ω)K2 )→ 0P (P/℘,W (ω)K1 )
  
  ℘ ∈ Ass(M);
   	
         ﬀ
0P
(
P/℘,W (ω)K2 )→ 0P (P/℘,W (ω)K1 )
 
 
  ℘ ∈ Ass(M);
   	
     	 
   ﬀ
0P
(
P/℘,W (ω)K2 )→ 0P (P/℘,W (ω)K1 )
  
  ℘ ∈ Ass(M).
+,*
  M   
 P−  ﬁ 	   K1, K2  
   RN   K1  K2, K˚j = Kj 
 j = 1, 2.     ! 

 "#
    	
     $
	-
   0P(M, I(ω)(K1,K2)) = 0;
   0P(P
/







P/℘,W (ω)K2 )→  0P (P/℘,W (ω)K1 )






P/℘,W (ω)K1 )′ →  0P (P/℘,W (ω)K2 )′




  M    P−	  ﬁ   	 K1, K2  	
!   RN " K1  K2, K˚j = Kj  j = 1, 2.   		" 
 #	$
 %  !      	   & 	  %

  Ext1P(M, I(ω)(K1,K2)) = 0;
  Ext1P(P
/





P/℘,W (ω)K2 )→ Ext0P (P/℘,W (ω)K1 )




P/℘,W (ω)K1 )′ → Ext0P (P/℘,W (ω)K2 )′




  M    P−	  ﬁ   	 K1, K2  	
!   RN " K1  K2, K˚j = Kj  j = 1, 2.   		" 
 #	$




  Ext0P(M, I(ω)(K1,K2)) = Ext1P(M, I(ω)(K1,K2)) = 0;
  Ext0P(P
/
℘, I(ω)(K1,K2)) = Ext1P(P
/




P/℘,W (ω)K2 )→ Ext0P (P/℘,W (ω)K1 )





P/℘,W (ω)K1 )′ → Ext0P (P/℘,W (ω)K2 )′






















P/℘,W (ω)K2 )→ 0P (P/℘,W (ω)K1 ) , ℘ ∈ Ass(M). 
    


	  	  	 	ﬀ
0P
(
P/℘,W (ω)K1 )′ → 0P (P/℘,W (ω)K2 )′ , ℘ ∈ Ass(M) "
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 	  	 λ, C > 0
 
|μˆ(ζ)|  Ce(HK(Imζ)+λω(ζ)) ∀ζ ∈ CN . 
, &/(	 
 "'"% 	 	 0	 

μ ∈ E ′(ω)(K).

   	 
  
 +-.% +1.




P/℘,W (ω)K )′  E ′(ω)(K)/℘(D)⊗ E ′(ω)(K) 
	





ph(D)Th : Th ∈ E ′(ω)(K)
}
,
 p1(ζ), . . . , pr(ζ)  	  ℘.
 2
  
  F 
  23  E,   F ′ 





F ′  E′/F  ,
 F 0 	  		
 
 F, ﬁ 









P/℘,W (ω)K )′  (W (ω)K )′ /(	
0P (P/℘,W (ω)K ))0 ,




P/℘,W (ω)K )′  E ′(ω)(K)/(	





P/℘,W (ω)K ))0 = {T ∈ E ′(ω)(K) : T (u) = 0, ∀u ∈ 	
0P (P/℘,W (ω)K )} .
    V (℘) ﬁ   "#$
ph(Dx)e





P/℘,W (ω)K ) = KerA0(D)
=
{







P/℘,W (ω)K )⇔ ζ ∈ V (℘). "%$











= 0 ∀ζ ∈ V (℘).
(  )* " + ,$  





ph(−ζ)Fh(ζ) ∀ζ ∈ CN .
(  -&.   /  &     T ∈
E ′(ω)(K)  *      ∣∣∣Tˆ (ζ)∣∣∣  CeHσT (Imζ)+αω(ζ), "/$
 σT   
   0(T ).
.   0(T )    T ∈ E ′(ω)(K),  σT ⊂ K.
1 K      Kα ⊂ K˚α+1     K = ∪
α
Kα,  
K     Kα = K   α.
0 σT ⊂ Kα   α,  "/$ ∣∣∣Tˆ (ζ)∣∣∣  CeHKα (Imζ)+αω(ζ). "2$
#
 ﬁ
ψα(ζ) := HKα(Imζ) + αω(ζ);
 ω  	

   (δ),  ψα(ζ)  	

  CN .
      k0 > 0   k1 > 0 
 
|ψα(Imz + Imζ)− ψα(Imζ)|  k1 for |z|  k0. 
 
|ψk(z + ζ)− ψk(ζ)| = |HK(Imz + Imζ) + kω(z + ζ)−HK(Imζ)− kω(ζ)|
 |HK(Imz + Imζ)−HK(Imζ)|+ k |ω(z + ζ)− ω(ζ)| .
!  
HK(Imz + Imζ)−HK(Imζ)  HK(Imz) +HK(Imζ)−HK(Imζ)  C |z|  k0,
  C > 0 
HK(Imζ)−HK(Imz + Imζ)  HK(Imζ)− 〈x, Imz〉 − 〈x, Imζ〉 ∀x ∈ K. "
  ﬁ  

  		 ε > 0   x¯ ∈ K 
 
〈x¯, Imζ〉 > HK(Imζ)− ε.
# $ x¯  "  
HK(Imζ)−HK(Imz + Imζ)  ε+ C ′ |z|  k0,
  C ′ > 0,    k1 > 0 
 
|HK(Imz + Imζ)−HK(Imζ)|  k1 |z|  k0;
		     
	  |z|  k0
(1 + |ζ|)k  k0.
%
  & '(  )*+,  
ω(z + ζ)  K(1 + ω(z) + ω(ζ)),
  K > 0     k0 > 0   k
′
1 > 0 
 
|ω(z + ζ)− ω(ζ)|  k′1 |z|  k0.
+    -		     
	  |z|  k0
(1 + |ζ|)k  k0.
.   	  / %
	 + ''(    
    
 Fh $
|Fh(ζ)|  CeHKα (Imζ)+αω(ζ)+m′ log(1+|ζ|),
(












   C ′, C ′′ > 0 
 α′ ∈ N 	 
|Fh(ζ)|  C ′eHKα (Imζ)+α′ω(ζ)  C ′′eHKα′′ (Imζ)+α
′′ω(ζ)
 α′′ = max{α, α′}.

	   
  
Fh = T̂h
   Th ∈ E ′(ω)(K).















̂ph(D)Th(ζ)  Th ∈ E ′(ω)(K).
    




P/℘,W (ω)K ))′  E ′(ω)(K)/℘(D)⊗ E ′(ω)(K).
"  ﬁ
 Oψα(CN )    	    	  
	
 u 
 CN 	  
   C > 0 
    ζ ∈ CN :










    *" 	 
      

+  
E ′(ω)(K)  Oψ(CN ).
    " %&%
!0P
(
P/℘,W (ω)K )′  Oψ(CN )/℘(D)⊗Oψ(CN ).
" V   	 ﬃ
 +	  -













 	 CN )  

  	 
	  α ∈ N, C > 0  	  ζ ∈ V.
	
        
Oψ(V ) = ind
α→∞Oψα(V ).
      		
     ℘   	 
  P  
   V = V (℘),

 K  
    RN  K˚ = K.      		
Ext0P
(
P/℘,W (ω)K )′  Oψ(V ).
 	 	     






℘(D)⊗Oψ(CN )  Oψ(V ).
 




℘(D)⊗Oψ(CN ) → Oψ(V ) 

 !    f ∈ Oψ(CN ) 















  # 

	% 	   )  




  		%    fh ∈ Oψ(CN )  
  
  f ∈ ℘ ⊗
Oψ(CN ). '	     	#   f 
   " 	     	 Oψ(CN )
/
℘(D) ⊗ Oψ(CN ),
	   !  	   			
 
,   	  %   			
  
 
!    f ∈ Oψ(V ),   f ∈
O(CN )  

ﬁ 
  	 
	  α ∈ N, C > 0  	  ζ ∈ V. - )  
*
 	  %     &
 g ∈ O(CN ),  f = g 	 V = V (℘),  	 	
















  	 V,     
|g(ζ)|  C ′′eψα+n log(1+|ζ|)  C ′′′eψα′ (ζ) ∀ζ ∈ CN
	 
	  C ′′, C ′′′ > 0  α′ ∈ N. '	 g ∈ Oψ(CN ).
/    #      
 	   			





 	    	#   	 
    0  K1
 K2 	
   	 & 
 
%  K˚j = Kj 	 j = 1, 2,  K1  K2.
     ﬁ % 	 j = 1, 2 :
ψjα(ζ) := HKjα(Imζ) + αω(ζ)

  Kjα  	
   K
j
α ⊂ K˚jα+1 	 ∪αK
j
α = Kj ,    j = 1, 2.
 	  	
 
Oψj (CN ) := ind
α→∞Oψjα(C
N ) j = 1, 2.
   	       !     	
ﬀ
Oψ1(V ) → Oψ2(V )  #!
 	$
 	   %
&	  #!  	$
 ﬀ  #!  	$
 ﬀ  !   	 %'  	$

   #!       	%(
     	
)0P
(







   
Ext0P
(
P/℘,W (ω)K1 )′  E ′(ω)(K1)/℘(D)⊗ E ′(ω)(K1).
 *∈)0P
(




P/℘,W (ω)K2 ) = {u ∈ W (ω)K2 : ph(D)u = 0 ∀h = 1, 2, . . . , r} .
  
  T ≡ 0.
  +!  
 
Tˆ (ζ) = T (e−i<·,ζ)) = 0 ∀ζ ∈ V,







   Th ∈ E ′(ω)(K1),  T ∈ ℘(D)⊗ E ′(ω)(K1).
*   T  	 -  	 	     E ′(ω)(K1)
/
℘(D) ⊗
E ′(ω)(K1)  Ext0P
(
P/℘,W (ω)K1 )′ , 	 	    !   	 /
%
*	     !     	 ﬀ  #!   
%
  * +   0,1  		  2
	   




 (Phragme´n− Lindelo¨f principle).   V   	 ﬃ 	
  Oψ1(V )  Oψ2(V )  ﬁ       
 Oψ1(V ) ↪→ Oψ2(V )  	 
 ∀α ∈ N, ∃β ∈ N 	 
Oψ1(V ) ∩ Oψ2α(V ) ⊂ Oψ1β (V );
    ! " #	# 
(Ph− L)o
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
∀α ∈ N, ∃β ∈ N, C > 0 	 
 f ∈ O(V ) ﬁ   	 αf ∈ N, cf > 0⎧⎨⎩|f(ζ)|  eψ
2




(ζ) ∀ζ ∈ V
   ﬁ
|f(ζ)|  Ceψ1β(ζ) ∀ζ ∈ V.
 	 
   
	
  	 (Phragme´n− Lindelo¨f principle for the existence of solutions).  $	
# %%&               ! "
#	#    ℘ ∈ Ass(M)  V = V (℘) 
(Ph− L)o
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
∀α ∈ N, ∃β ∈ N, C > 0 	 
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 ℘ ∈ Ass(M)  V = V (℘) !
(Ph− L)psh
⎧⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎨⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎪⎩
∀α ∈ N, ∃β ∈ N, C > 0  
 u ∈ psh(V ) ﬁ 
   αu ∈ N, cu > 0⎧⎨⎩u(ζ)  HK2α(Imζ) + αω(ζ) ∀ζ ∈ Vu(ζ)  HK1αu (Imζ) + αuω(ζ) + cu ∀ζ ∈ V
   ﬁ!
u(ζ)  HK1β (Imζ) + βω(ζ) + C ∀ζ ∈ V.
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 ℘ ∈ Ass(M)  V = V (℘),     $% 
!
 Oψ1(V ) ↪→ Oψ2(V )   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Oψ2α(V ) ⊂ Oψ1β (V );
 ∀α ∈ N, ∃β ∈ N, C > 0  
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ζ∈V
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